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PURPOSE:To provide a semiconductor acceleration sensor the characteristics of which do not vary much 
and the output of which has excellent linearity against acceleration changes. 

CONSTITUTION:After forming an n-layer (diffusion layer) 10a at a prescribed middle position of a silicon 
board 10 formed basically of P-type silicon, the P-type silicon is removed from the prescribed part of the 
board 10 by performing electrochemical etching from the bottom side until the etching reaches the layer 10a 
and a beam section 13 is constituted of the remaining layer 10a. Since the thickness of the layer 10a can be 
accurately controlled, the thickness of the section 13 can be accurately controlled and the sensitivity 
variation between each sensor can be suppressed. In addition, when the areas S1 and S2 of electrodes and 
distances d1 and d2 between the electrodes and this sensor are set so that the relation between them can be 
expressed by d2=d1(S2/S1)<1/3>, the output of the sensor in its normal condition coincides with the 
changing point of the output characteristics of the sensor. 
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JP-A-6-160419 discloses a semiconductor acceleration sensor 
the characteristics of which do not vary much and the output 
of which has excellent linearity against acceleration changes. 

After forming an n-layer (diffusion layer) 10a at a 
prescribed middle position of a silicon board 10, which is 
basically made of P-type silicon, the P-type silicon is removed 
at a predetermined part of the board 10 by performing 
electrochemical etching from the bottom side until the etching 
reaches the n layer 10a. A beam section 13 is constituted of 
the remaining n layer 10a. Since the thickness of the n layer 
10a can be accurately controlled, the thickness of the beam 
section 13 can be accurately controlled and the sensitivity 
variation between each sensor can be suppressed. In addition, 
when the areas SI and S2 of electrodes and distances dl and d2 
between the electrodes are set so that the relation between them 
can be expressed by d2=dl ( S2/S1 ) 1 /3 , the output of the sensor 
in its normal condition coincides with the changing point of 
the output characteristics of the sensor. 

Fig. 1 shows the 1st example of the acceleration sensor 
concerning this invention. A glass plate 11 is arranged at the 
vertical both-sides of a fundamental element, i.e., a silicon 
board 10, which is a semiconductor board. This silicon board 
10 has a structure in which a weight section 14 is connected 
in the shape of a cantilevered suspension through two or more 
beam sections 13 to a rectangular frame 12. The vertical both 
sides of the weight section 14 form the 1st and the 2nd movable 
electrode 15, 16. The 1st and the 2nd fixed electrode 17, 18 



have been formed on the surfaces of the glass plates 11/ which 
face the two electrodes 15, 16, by depositing aluminum using 
vacuum evaporationo etc. 

In this invention, n layer (diffusion layer) 10a is formed 
by doping in the middle predetermined position of the silicon 
board 10 made basically of p type silicon. The n layer 
constitutes the upper sides of the weight section 14 and the 
connecting beam section 13 . In order to manufacture the sensor 
(silicon board) having the above structure, electrochemistry 
etching of the predetermined part is carried out from the bottom 
of the silicon board, in which the n layer 10a has been formed. 
Then, P type silicon is removed until it reaches the n layer 
10a. Therefore, the thickness of the beam section 13 becomes 
equal to the thickness of the n layer 10a. Since the thickness 
can be controlled easily and precisely using the diffusion depth 
of the n layer 10a, the deviation in the performance 
(sensitivity) between each manufactured sensor can be 
suppressed. 

In this example, the area SI of the 1st movable electrode 

15 becomes larger than the area S2 of the 2nd movable electrode 

16 since electrochemistry etching was performed from the bottom, 
so the areas of the corresponding fixed electrodes are set to 
be different from each other (equated with the areas of the 
corresponding movable electrodes). However, as the 
conventional example shown in Fig. 10, it can be applied to the 
upper-lower-symmetrical configuration, as a matter of course. 
Alternatively, a P type silicon board and an N type silicon board 



(they have substantially the same 2-D shape) may be stacked in 
a laminating arrangement rather than forming the n diffusion 
layer in the predetermined part of the P type silicon as 
mentioned above (in that case, N type silicon and P type silicon 
are also located in the frame 12 over the perimeter). 

Furthermore, in this example, since the areas of the upper 
and lower electrodes differ from each other as described above, 
if inter-electrode distances dl and d2 used as each set are set 
to be equal, the linearity of the output to the change of 
acceleration will lower. Moreover, if the beam section 12 and 
the weight section 13 are horizontally arranged in order to 
detect vertical acceleration as shown in Fig. 2, the weight 
section 13 moves toward the ground because of the gravity even 
though there is no acceleration to be detected. As a result, 
although dl and d2 are set to be dl=d2 in the state shown in 
Fig. 1, it will become dl>d2 under an actual operating 
condition. 

In that case, the relations of the above-mentioned areas 
SI and S2 and distance dl and d2 are set up as follows to improve 
the linearity. That is, the output Ac when predetermined 
acceleration is applied (except for acceleration such as 
gravitational acceleration, which always acts) and the weight 
section 13 is displaced by x from the reference state (in which 
the inter-electrode distance are dl and d2, respectively) is 
expressed the following equation as described above. 
[Equation 2] 

AC= £Sl/(dl+x)- £S2/(d2-x) (3) 



Therefore, the linearity of Ac over the acceleration at 
this time becomes the best when the Ac in the reference state, 
or X=0, is the changing point P shown in Fig. 11. More 
specifically, the secondary derivative of the above-mentioned 
equation (3) is zero. The secondary derivative AC" is 
expressed in the following equation. 
[Equation 3] 

AC"=k (Sl/(dl+x) 3 -S2/(d2-x) 3 ) (4) 
Where, k is arbitrary constants. 

The condition for Ac "=0 being realized at the time of 
x= 0 is 

d2=dl(S2/Sl) 1/3 (5) 
by substituting each value for the equation (4). 

Therefore, each value is set up to satisfy the 
above-mentioned conditional equation (5) . That is, because of 
the manufacturing process requirements, the areas SI and S2 are 
determined earlier. Therefore, the ratio of dl to d2 is 
acquired by substituting the areas SI and S2 into the equation 
(5) . The sensor structure that provides the best linearity can 
be acquired, for example, by removing the upper surface side 
10b of the semiconductor board 10 shown in Fig. 1 by the specified 
quantity using etching etc to satisfy the above condition. 

The adjustment for acquiring the optimal structure cannot 
be restricted to the above-mentioned method, and can take 
various methods such as removing arbitrary parts. Moreover, 
the above-mentioned electrode areas SI and S2 are the effective 
areas, i.e. , the areas at which the electrodes overlap with each 



other (when the area of a fixed electrode is smaller, it is the 
area of the fixed electrode) . 

Furthermore, the linearity becomes the maximum when the 
above-mentioned conditional equation (5) is fulfilled. 
However, it is not necessary to fulfill this condition correctly. 
A predetermined range may be given in accordance with 
specification (target tolerance) etc. 

In addition, the amount of bending by gravitational 
acceleration as shown in Fig. 2 needs to be compensated by: 
acquiring how much it displaces from the horizontal position 
with calculation from the weight of the weight section 14, the 
elastic modulus of the beam section 13, etc.; and adjusting dl 
and d2, which were obtained by the above-mentioned conditional 
equation in consideration of the amount of displacement when 
it is actually manufactured. 
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